Introduction
In recent years, participation in voluntary environmental programs and other forms of industry self-regulation has received increased emphasis from both regulators and scholars as a potential means of improving compliance with environmental regulations. 1 As noted by Khanna and Broule [3] , the number voluntary programs sponsored by the U.S. Environmental Protection Agency (EPA) grew dramatically from 28 programs in 1996 to 54 in 1999 and to 87 in 2005. Although the growth of these programs has slowed in the Obama administration, EPA continues to support a large number of voluntary initiatives, with more recent programs focused on energy and climate change. 2 A number of studies have examined the incentives for participation in voluntary programs and/or the effectiveness of participation on environmental performance. 3 The empirical evidence on program effectiveness is mixed with some studies showing modest success and others showing no discernable impacts, even among analyses that focus on the same program. One possible explanation for these mixed results is that many voluntary programs focus on encouraging firms to participate whereas compliance with formal environmental regulations is usually assessed at the facility level.
Non-mandatory approaches to environmental protection encompass a diverse set of programs but, relative to formal regulation, most voluntary programs allow participating entities a greater degree of flexibility in implementation. For many voluntary programs, a participating firm can implement the program at some of its facilities but not at others or can implement a different set of program-related actions at each of its facilities. However, this decision making process is generally unobserved. In most instances, only the firm-level decision about whether or not to participate is known.
Thus empirical efforts to examine the effects of voluntary program participation on environmental performance often require the researcher to make an assumption about the nature of program participation and, ultimately, the process of decision-making within multi-facility firms. Constraints imposed by available data usually drive this assumption as many empirical studies only have data on participation at the firm level and assume, The goal of this paper is to better understand how firms make decisions about facility-level participation in voluntary programs and how this process impacts our ability to make valid inferences about the effects of participation on environmental performance.
We develop a theoretical model that identifies the conditions under which a multi-facility firm chooses to employ a standardized adoption policy for a voluntary program rather than a heterogeneous policy in which some of the firm's facilities adopt the program while others do not. The model suggests that the incentives for a firm to employ a standardized adoption policy weaken as the degree of heterogeneity among facilities owned by a firm increases. This intuitive result holds whether the firm uses a centralized or decentralized decision-making structure and calls into question the frequently invoked assumption that the decision to adopt a voluntary program is uniformly applied to all of a firm's facilities. We then test this model empirically to see whether our theoretical predictions of the factors that encourage firms to standardize adoption decisions hold. In particular, we use a firm-level dataset on the adoption of a voluntary environmental program, an environmental audit, across a firm's facilities. We also examine the effect of adoption on facility compliance using both firm-level and facility-level controls. Since the incentives for adoption of an environmental auditing program are similar to those for adoption of other voluntary environmental programs, we believe that the results of our study can provide insight for evaluating a wide range of voluntary environmental programs.
The remainder of the paper is organized as follows. In the next section, we discuss previous empirical studies that analyze the impacts of voluntary program participation with a focus on environmental auditing as well as another well-known voluntary program, the EPA's 33/50 program. Section 3 develops a model of program adoption within a multi-facility firm to explore the incentives for employing a standardized versus a heterogeneous adoption policy. In Section 4, we test the model's implications in a firmlevel analysis of the decision to adopt a standardized auditing policy and find results broadly consistent with our theoretical predictions. In section 5, we further explore the implications of our model using a facility-level empirical analysis of the effect of audit adoption on compliance. We find that when we include both a facility-level adoption measure and firm-level controls in our empirical analysis, auditing does not have a significant effect on compliance. However, when the firm-level controls are excluded, we find a positive and significant effect of environmental auditing on facility compliance.
Section 6 discusses the implications of our results. In particular, we suggest that researchers use caution in assuming that firm-level participation in a program applies equally to all facilities owned by that firm, as such an assumption may induce systematic measurement error that could affect the results of their analyses and alter policy-relevant conclusions.
2.
The environmental performance effects of voluntary program participation:
evidence from environmental auditing and the 33/50 program [5] , incentives for participation mainly fall into three categories: participation may make the regulated entity more attractive to consumers and investors, participation may shape current and future regulatory decisions by reducing enforcement effort or preempting future regulations, and participation may result in increased productivity or efficiency at the regulated entity.
Environmental auditing is one example of a voluntary environmental program.
An environmental audit is "...a systematic, documented, periodic and objective review by regulated entities of facility operations and practices related to meeting environmental requirements" and EPA has long suggested environmental auditing programs as a way for regulated firms to improve their environmental compliance as well as environmental performance more generally [6] . 4 EPA's Audit Policy also provides explicit incentives for firms to voluntarily adopt environmental auditing, as firms that choose to report and correct violations discovered during the course of a voluntary environmental audit are eligible for significant penalty reductions. 5 Many states also have their own audit policies that actively encourage environmental auditing by granting statutory privilege for environmental audit reports and/or immunity from penalties for violations discovered (and corrected and disclosed) during the course of an audit. 6 EPA has embraced environmental auditing because, at least in theory, such audits provide a mechanism to improve a regulated entity's compliance with environmental regulations. 7 Survey and anecdotal evidence suggests positive impacts of auditing on environmental performance [16, 17] . Additionally, three previous empirical studies 4 50 FR 46504, Section II.A. The academic literature on environmental regulation and compliance (as well as that on compliance more generally) sometimes uses the term audit more generally to mean any periodic inspection or review of an entity's compliance status. To distinguish reviews initiated by regulators from those initiated by regulated entities and to be consistent with EPA's terminology, we use the term "audit" to refer to reviews voluntarily undertaken by the regulated entity and "inspection" to refer to reviews initiated by regulators (and thus involuntary from the perspective of the regulated party). 5 Pfaff and Sanchirico [7] , Short and Toffel [8] , and Stafford [9] examine various aspects of EPA's Audit Policy. 6 Forty one states currently have some sort of environmental audit program. See Stafford [10, 11] and Khanna and Widyawati [12] for further discussion of these state policies. 7 Most theoretical models of environmental auditing focus on the informational aspect of auditing (see, for example, Mishra et al. [13] , Pfaff and Sanchirico [14] , Friesen [15] ). The theoretical models generally assume that environmental performance or compliance with environmental regulations includes a stochastic element. As a result, regulated entities cannot fully observe their levels of emissions or compliance status ex ante. By conducting an environmental audit, a regulated entity learns its true level of environmental performance and, where such performance is below the entity's optimal level, can undertake corrective actions.
explore the impact of environmental auditing on compliance. Khanna and small hazardous waste generators in Michigan. Lastly, and for our purposes 8 An important feature of their study is its focus on a group of facilities that regularly conduct self-audits (i.e., chemical manufacturing facilities regulated under the National Pollution Discharge Elimination System (NPDES)). Thus, the results of their study cannot speak to whether the adoption of an audit program improves compliance compared to non-adoption.
potentially most important, the analyses measure environmental auditing at different levels of the firm's decision-making structure. Khanna [20] .
However, even with data at similar measurement levels, Bi and Khanna (2012) find a significant negative effect of facility participation on emissions of 33/50 chemicals while Vidovic and Khanna [21] , looking at a more restrictive sample, find no significant effect of facility participation on facility emissions. Hunnicutt examines the decision-making process of a multi-plant firm that must weigh the relative benefits of making production decisions at a single location and shipping bundles to various outlets relative to the benefit of having each outlet make its own production decision. Under centralization, the firm achieves economies of scale but can make mistakes about the optimal amount of product for each outlet. Under decentralized production, mistakes are minimized but economies of scale are not achieved. Importantly, Hunnicutt also examines the conditions under which the firm finds it optimal to standardize the amount of product for each outlet.
Our primary interest lies in understanding when a firm is likely to adopt standardized policy with respect to adoption of a voluntary program rather than a heterogenous policy. Our focus on the standardization decision is in part due to the fact that the underlying decision-making structure of the firm (e.g., centralized, decentralized)
remains unobservable, while the adoption of a standardized or heterogeneous policy is observable (with appropriate data). Thus we develop a model of the decision to standardize for a multi-facility firm that owns N total facilities of ≥ 1 different types.
Let denote the number of type-m facilities owned by the firm such that ∑ =1 = .
We refer to the firm as single-type if = 1, or multiple-type if > 1. Following Hunnicutt, we examine the decision to standardize under two organizational structures, centralization and decentralization. We assume that under centralization, the firm incurs lower adoption costs but observes the true benefit of adoption at each facility type with noise. Under decentralization, the firm observes the true benefit of adoption at each of its facilities but faces higher adoption costs.
Denote the benefit of adoption at a type-m facility as . For > 1, we assume 1 > 2 > ⋯ > ≥ 0 so that the benefits of adoption at a type-1 facility are highest.
For a given , the larger is the difference between adoption at a type-1 facility (i.e., the highest benefit) and a type-M facility (i.e., the lowest benefit), the more diverse are the facility types owned by the firm. We use this difference, 1 − , as a measure of the degree of heterogeneity among the facilities in a firm's portfolio.
Under decentralization, each facility observes its own benefit of adoption. The cost of adoption at a facility under decentralization is constant and equal to . Under centralization, the single-type firm observes the true benefit of adoption at each of its facilities. 11 In contrast, the multiple-type centralized firm lacks full information about each facility's operations due to agency problems. As a result, the multi-facility firm fails to observe the true benefit of adoption at each facility type, which is either high ( ) or low ( ) with ≥ for each facility type m. The multiple-type centralized firm has prior probability that = for facility type m and knows the number of facilities of each type. The firm observes a signal of the benefit of adoption at each facility type (i.e., the same signal for all facilities of a given type). 12 Let denote the signal the firm receives for a type-m facility where equals or according to the following probability distributions:
where > .
The firm benefits from centralization through a lower unit cost of adoption. The cost of adoption at a facility under centralization is equal to with 0 < < 1. The lower adoption cost under centralization may stem from the elimination of duplicated activities or from returns to specialization (e.g., using a single team of trained environmental compliance staff is less costly than providing such specialized training to staff onsite at each facility).
The single-type firm's decision
We first consider the adoption decision of a single-type firm (i.e., = 1). Let denote the benefit to the single-type firm of adoption at one of its facilities. The singletype firm, under centralization or decentralization, will either adopt the program at all facilities or adopt for no facilities. That is, it chooses a standardized adoption policy.
Under centralization, if the marginal benefit of adoption at a facility, , exceeds the marginal cost of adoption, , then the single-type firm maximizes its net benefits by adopting the program at all N facilities. Otherwise, the centralized single-type firm does not adopt the program at any facility. Under centralization, the net benefits of program adoption at all N facilities for the single-type firm are given by
The subscript denotes the firm structure, c for centralized and d for decentralized, while the superscript indicates the single-type firm.
Under decentralization, each facility will adopt the program provided > . The net benefits to the decentralized single-type firm of adoption at all facilities is then
Notice that the total benefit of adoption at all facilities is the same under both structures.
Given this and since < 1, the net benefits of adoption are higher under centralization for the single-type firm (i.e., 1 ( = 1) > 1 ( = 1)). Thus, a firm that owns identical facilities chooses a centralized structure and follows the straightforward adoption decision rule discussed above. Intuitively, the single-type firm enjoys lower costs of adoption under centralization without the associated risk of misestimating the benefits of adoption. For the single-type firm, the decision to adopt a program for all facilities versus no facilities is driven entirely by the benefits and costs of adoption under centralization.
The mutiple-type firm's decision
Now consider a firm that owns > 1 types of facilities (i.e., a multiple-type firm). Under decentralization, the multiple-type firm adopts the program at all facilities only if the benefit of adoption a type-M facility exceeds the cost, ≥ . Recall that the type-M facility has the lowest benefit of adoption so the decentralized multiple-type firm finds adoption at all facility types optimal only if the net benefits of adoption at a type-M facility are positive. The decentralized firm does not adopt the program at any facility if the cost of adoption exceeds the benefit of adoption at a type-1 facility (i.e., the highest benefit facility), > 1 . If 1 ≥ > , then the multiple-type firm prefers a heterogeneous adoption policy under decentralization. In other words, for standardization to be optimal for the multiple-type firm under decentralization,
This implies that as the difference in benefits to adoption at the highest and lowest benefit facility types grows, the range of adoption costs for which a multiple-type firm finds standardization optimal under decentralization gets smaller. Thus, under decentralization, multi-facility firms whose portfolios of facilities exhibit higher degrees of heterogeneity are ceteris paribus less likely to employ standardized adoption policies.
A more concrete two-firm example where the voluntary program in question is environmental auditing illustrates this result. Assume decentralized Firms A and B each own 100 total facilities of ten different types. Each firm owns 10 facilities of each type so that = 10 for = 1, … ,10. For firm A, a type-1 facility has a benefit of auditing equal to 10 and a type-10 facility has an auditing benefit of 1. The benefits of auditing for facility types 2 through 9 take integer values between 9 and 2 for firm A. For firm B, a type-1 facility has a benefit of auditing equal to 6 and a type-10 facility has an auditing benefit of 5. The benefits of auditing for facility types 2 through 9 take equally distributed values between 6 and 5. Given these assumptions, the mean benefit of auditing a facility is 5.5 for both firms but the difference between auditing the highest benefit facility and the lowest benefit facility (i.e., 1 − ) is only 1 for Firm B and is 9
for Firm A. That is, Firm B exhibits a lower degree of heterogeneity than Firm A. Firm B finds standardization optimal when the cost of auditing is less than 5 or greater than 6
whereas Firm A chooses to standardize only when the auditing cost is below 1 or above 10. Thus, the range of auditing costs for which Firm A, the firm with a higher degree of heterogeneity, finds standardization optimal is less than the range of costs for which Firm B chooses a standardized auditing policy. adoption at all facilities. The lack of full information has no impact on such a firm's adoption decisions.
The more interesting case is a firm that owns some facility types for which the benefits of adoption satisfy ≥ > (i.e., adoption is optimal for the "high" mtype but not for the "low" m-type). In what follows, we restrict attention to this case. The centralized firm bases its adoption decision for facility types with ≥ > on the expected benefits of adoption conditional on the signal the firm receives. The ranking of facility types from highest to lowest based on the true benefits of adoption need not coincide with the ranking of facility types from highest to lowest based on the conditional expected benefits of adoption. The conditional expected benefit of adoption at a type-m facility depends on the posterior probability distribution given by:
.
Conditional on observing the signal = , the expected benefit of adoption at a typem facility is given in expression (1):
If instead the centralized firm observes = , then the conditional expected benefit of adoption at a type-m facility equals:
The centralized multiple-type firm adopts the program at all type-m facilities if
Otherwise, the firm forgoes adoption at all type-m facilities.
The intuition for establishing the conditions under which the centralized firm chooses a standardized adoption policy are similar to that for the decentralized firm with one important difference. The decentralized firm bases its adoption decision on the known benefits of adoption whereas the centralized firm uses the conditional expected benefits of adoption. Since the ranking of facility types based on the true benefits of adoption may differ from the ranking based on the conditional expected benefits of adoption, the set of facilities adopting the program under centralization may differ from those that adopt under decentralization.
The centralized firm adopts the program at all facilities if it owns no facility types such that > ≥ and, among those facilities with ≥ > , the conditional expected benefit of adoption at the facility type with the lowest conditional expected benefit exceeds the adoption cost. The centralized firm adopts the program at no facilities if it owns no facility types such that ≥ ≥ and, among those facilities with ≥ > , if the conditional expected benefit of adoption at the facility type with the highest conditional expected benefit is less than the cost of adoption. Finally, if neither of these holds, then the centralized firm opts for a heterogeneous adoption policy. 13 This implies that as the difference in conditional expected benefits of adoption at the facility type with the highest conditional expected benefit and at the facility type with the lowest conditional expected benefit grows, the range of adoption costs for which a multiple-type centralized firm finds standardization optimal gets smaller. Since the conditional expected benefit for facility type m is increasing in and , the centralized multi-facility firm whose portfolio of facilities exhibits a higher degree of heterogeneity is ceteris paribus less likely to adopt a standardized adoption policy.
Overall, the model generates two primary hypotheses with respect to firm characteristics and the likelihood that a firm will employ a standardized adoption policy.
First, the model implies that multi-facility firms are less likely to employ a standardized adoption policy if their facilities exhibit substantial heterogeneity. Second, a standardized adoption policy is more likely among multi-facility firms for which the costs of adoption are either prohibitively high or negligible, relative to the benefits of adoption. These intuitive results hold whether the firm has adopted a centralized or decentralized decision making structure.
Firm-level analysis of standardization in auditing outcomes
Testing the hypotheses about standardization that arise from our conceptual model requires facility-level data on voluntary program adoption. For our analysis, we consider adoption of an environmental audit program. In general, national data on environmental 13 As mentioned above, standardization is also optimal when (i) ≥ ≥ for all facility types = 1, … , , or (ii) > ≥ for all facility types.
auditing are difficult to obtain due in part to the fact that EPA does not require regulated entities to indicate the presence of audit programs. Fortunately, Michigan, like many other states, has its own environmental auditing program. Under the provisions of Michigan's audit policy, which began in 1997, audit documents are privileged and voluntary disclosures are eligible for immunity from penalties. 14 One rather unique feature of Michigan's audit policy is that regulated entities must provide advance notice of an audit to receive penalty immunity. 15 Specifically, the facility must file an "intent-toaudit" notice that identifies the facility at which the audit will be conducted, indicates the time frame for the audit, and states the general scope of the audit. 16 We obtained a list of the intent-to-audit notices filed with the DEQ between 1998
and 2003. The data include the company and facility name, a mailing address, and the date the notice was filed. We used this information to match each facility to EPA's Facility Registry System (FRS) to identify the federal facility identification number and to determine the media programs under which the facility is regulated. Our empirical analysis focuses on facilities regulated under the Clean Air Act (CAA) in Michigan and the firms that own these facilities. We obtained data on facility characteristics from EPA's Aerometric Information Retrieval System (AIRS) Facility Subsystem (or AFS)
database. 17 Using DUNS numbers (when available) and owner names from the FRS, 14 In addition to Michigan, 17 other states provide audit privilege and immunity. 15 To our knowledge the only other state that requires prior notification is Texas. 16 While it is possible that a facility might conduct an environmental audit without first notifying the DEQ, Michigan provides strong incentives for facilities to file intent-to-audit notices; a primary benefit of auditing is the potential for penalty mitigation and this benefit is available only to auditing facilities that submit the required intent-to-audit notice. Additionally, since Michigan grants legal privilege to all environmental auditing documents, entities should not be reluctant to disclose environmental audits. See Evans et al. [18] for further discussion of these data. 17 The AFS database was downloaded from EPA's Envirofacts System in August 2007. AFS also lists 3 "portable sources" located in Michigan, but we excluded them from this analysis since they do not have a fixed facility location.
along with company name from the AFS, we matched CAA-regulated facilities in Michigan that were owned by the same firm. 18 In order to empirically explore the role of heterogeneity, we restrict attention to multi-facility firms, of which we have 171 represented in our data. These 171 firms own a total of 730 facilities.
Our first empirical analysis explores the factors that lead a firm to choose a standardized adoption policy. We estimate a simple probit regression for Standardization. The first testable implication of our conceptual model is that higher levels of heterogeneity among a firm's facilities will decrease the likelihood that the firm uses a standardized adoption policy.
Thus, we need to operationalize the concept of heterogeneity from our theoretical model.
In the model heterogeneity is represented as the difference in the benefits of auditing the 18 As a first pass, we electronically matched facilities owned by the same firm using DUNS numbers and company names but since the owner and company name fields do not have standardized formats (e.g., no standard abbreviations or punctuation rules), we made many of the matches manually for facilities with missing DUNS numbers.
facilities that have the highest benefit from auditing and the facilities that have the lowest. Because we don't observe the benefits of auditing different facility types, our empirical measures of heterogeneity rely on observable facility characteristics that may proxy for underlying differences in the benefits of auditing different facilities. 19 We create three firm-level measures of heterogeneity. Each measure captures a different dimension of heterogeneity and takes a value between zero and one where zero denotes a homogeneous portfolio of firms with respect to that characteristic. 20 The first measure, Industry heterogeneity, focuses on the nature of production at each facility as measured by the up to three 4-digit Standard Industrial Classification (SIC) codes associated with the facility. If the sequence of 4-digit SIC codes is identical for all facilities in the firm's portfolio, then Industry heterogeneity equals zero. If each facility in the firm's portfolio has a unique sequence of 4-digit SIC codes, then Industry heterogeneity is equal to one.
21
If the firm's portfolio contains a mix of unique and repeated sequences of SIC codes among its facilities, then Industry heterogeneity takes some value between zero and one.
In general, a higher value (closer to one) of Industry heterogeneity indicates more diversity among the firm's facilities in terms of their production activities.
Our second measure, Regulatory heterogeneity, examines the nature of the regulatory environment at the facilities owned by a firm. While our analysis only includes facilities regulated under the CAA, our dataset contains information on other environmental programs to which the facility is subject. We create five indicator 19 In our theoretical model, we chose to model heterogeneity in benefits while assuming constant costs across facilities. However, similar insights arise in a model with heterogeneity in costs and constant benefits. 20 See the appendix for a more detailed description of these measures. 21 Our results are qualitatively unchanged if we use an alternative industry heterogeneity measure created with the sequence of 2-digit SIC codes. Our final measure, Size heterogeneity, assesses the degree of heterogeneity in terms of the size of the facilities owned by the firm, as measured by the number of employees at the facilities. 22 To construct this measure, we first create a categorical variable to characterize the number of employees at the facility as less than or equal to 10, greater than 10 but less than or equal to 100, greater than 100 but less than or equal to 500, or greater than 500. Size heterogeneity equals zero if all facilities in the firm's 22 The AFS provides a variable described as the number of employees at the facility. However, this variable takes a value of zero for a large fraction of facilities. If we exclude our size heterogeneity measure from the firm-level analysis below, our results with respect to the other included variables are unchanged. Alternatively, if we assume these zeros are in fact missing values, while our sample size decreases, our results are qualitatively similar.
portfolio have the same value for this categorical variable and one if each facility in the firm's portfolio has a unique value for this categorical variable. Thus, values of Size heterogeneity closer to one indicate more diversity among the firm's facilities in terms of facility size. If the degree of heterogeneity discourages adoption of standardized auditing policies, then we expect negative and significant coefficients on these three heterogeneity measures in our probit models.
Our final measure of heterogeneity is intended to capture other sources of unobserved heterogeneity. We argue that a firm whose portfolio includes a larger number of facilities is more likely to exhibit heterogeneity among its facilities than a firm owning a small number of facilities. We acknowledge that # facilities is a rough proxy since the number of facilities owned by a firm may also affect the firm's incentives for standardization through other channels (e.g., by affecting the benefits or costs of auditing). This means that our empirical results with respect to this variable will not allow us to confirm or refute our theoretical prediction regarding heterogeneity.
Recall that our model also predicts that the costs and benefits of auditing affect incentives to standardize. In particular, sufficiently high or low benefits relative to the costs of auditing may make auditing all firms or no firms optimal (i.e., may encourage standardization). Unfortunately, the benefits and costs of auditing are unobservable to outsiders. Therefore, to proxy for the relative benefits and costs of auditing, we use a dummy variable, Public, that equals one if the firm is publicly traded and zero otherwise.
We argue that publicly traded firms face pressure from consumers and investors to comply with environmental regulations that privately held firms do not feel. This is consistent with Henriques and Sadorsky's [31] finding that firms are more likely to formulate an environmental plan if they face pressure on environmental issues from shareholders. Similarly, Earnhart and Harrington [19] argue that publicly traded firms may have stronger incentives to comply with environmental regulations because they enjoy greater access to external financing, which may reduce costs, and/or face greater pressure from investors for good environmental performance, which may increase benefits. However, since standardization equals one when the firm audits all firms or audits no firms, our model does not offer a clear prediction on the expected sign of the estimated coefficient on Public in our probit model. significantly high benefits (perhaps because they face investor pressure), then we may expect them to be more likely to audit all firms relative to adopting a heterogeneous auditing policy. However, we would simultaneously expect them to be less likely to audit no facilities relative to auditing some but not all facilities. The negative and significant coefficient on Public is consistent with the latter effect dominating. Lastly, the probability of standardization decreases with the number of facilities owned by the firm although the estimated conditional marginal effect is small.
To provide some additional evidence that the variables we include in our probit model are reasonable proxies for the underlying measures from our model, we estimate a fractional logit model [32] , in which the dependent variable is the fraction of its facilities the firm audits. We include the same independent variables as in our standardization probit. Results of the fractional logit model are reported in the final column of Table 1 .
Recall that our model suggests that the firm's decision of which facility types to audit given a heterogeneous auditing policy is driven exclusively by the benefits (or expected benefits) and the costs of auditing while heterogeneity affects whether a firm will use a standardized policy. Thus, our theory does not predict a relationship between heterogeneity and the fraction of facilities that audit. As shown in the final column of Table 1 , we confirm no statistically significant effect of heterogeneity on the fraction of facilities that audit. However, the positive and significant coefficient on Public indicates that, relative to privately held firms, publicly traded firms audit a higher percentage of their facilities, perhaps because the benefits of doing so are higher. The positive coefficient on # facilities (p-value = 0.104) suggests that larger firms audit a higher fraction of their facilities, perhaps due to lower auditing costs.
What are the implications of our firm-level analysis for empirical models of environmental auditing? First, our results suggest that the measurement error introduced by assigning the same auditing outcome to all facilities owned by a firm, as is necessary with only a firm-level auditing outcome, is likely to be greater for firms whose facilities are more diverse. To provide further evidence of this, we first explore the degree of misalignment between our facility-level audit measure and two candidate firm-level audit measures. Firm audit1 equals one if the firm owns at least one facility that submitted an intent-to-audit notice and zero otherwise and Firm audit2 equals one if all of the facilities owned by the firm submitted intent-to-audit notices and zero otherwise. 23 Specifically,
we ask: For how many facilities would we incorrectly assign an auditing outcome were we to substitute facility-level audit data with a firm-level audit measure? For both measures, the firm-level measure is different than the facility-level measure for about 23 It remains possible that (1) a firm with Firm audit1 equal to zero audits at one of its facilities located outside the state of Michigan or (2) a firm with Firm audit2 equal to one chooses not to audit at a facility located in another state. Our two firm-level audit measures are defined based on the sample of facilities we observe, which are all located in Michigan.
10% of the 730 facilities owned by the firms in our analysis. 24 Table 2 report means and standard deviations for our three heterogeneity measures by whether or not the facilityand firm-level audit measures are equal. If more heterogeneity is associated with more measurement error as suggested by the theory, then we expect the mean heterogeneity to be higher among observations in which the facility-and firm-level measures differ. The table confirms this.
Ultimately we do not know whether either of these firm-level audit measures would align with a firm-level auditing outcome obtained from a survey of firms, as used in Khanna and Widyawati [12] . Regardless, this exercise reinforces the need for caution in assuming complete standardization in auditing outcomes among facilities owned by the same firm. Additionally, our findings hint at the potential importance of controlling for firm characteristics that might influence the standardization decision in analyses of any voluntary program, including environmental auditing. In the next section, we explore the implications of this second insight in a facility-level analysis of the impact of environmental auditing on compliance with the Clean Air Act (CAA).
A facility-level analysis of environmental auditing
Our facility-level analysis examines the factors that encourage environmental auditing at a facility as well as the impact of auditing on the facility's long term compliance with the CAA. In particular, we examine the potential for the explicit recognition of firms' differential incentives for standardization in a facility-level 24 The distributions of both Firm audit1 and Firm audit2 are significantly different from the facility-level audit measure (both with p-value=0.00).
empirical analysis of environmental auditing to lead to different conclusions regarding the effectiveness of environmental auditing. To do so, we expand our dataset beyond the multi-facility firms included in our analysis above to include stand-alone facilities. 25 We extract additional facility characteristics, enforcement history, and current compliance status from the AFS. We also linked the AFS database to EPA's Enforcement and
Compliance History Online (ECHO) and Integrated Data for Enforcement Analysis (IDEA) databases to obtain additional enforcement and compliance measures.
We identify an audit at a facility if the facility submitted at least one intent-toaudit notice between 1998 and 2003. In this case, the variable Facility audit equals one for the facility. Otherwise, we do not measure an audit at the facility and Facility audit equals zero. Of the 2811 facilities included in our analysis, 111 (about 4%) submitted intent-to-audit notices during the time frame we consider. 26 The CAA requires facilities to self-report their compliance status on an on-going basis (i.e., each quarter). 27 We use these data to create a binary compliance variable,
Comply, which equals one if the facility is in compliance for each of the 12 quarters between the second quarter of 2004 and the first quarter of 2007. 28 Comply equals zero if 25 Note that due to missing data for some of the variables included in our facility-level analysis not all of the 730 facilities whose parent companies are included in our firm-level analysis (Section 4) are present in our facility-level analysis. 542 facilities whose firms are included in our firm-level analysis are present in the sample used in our facility-level analysis. 26 The 4 percent audit rate is roughly consistent with Potoski and Prakash's [33] estimate that approximately 4 percent of "major" CAA-regulated facilities participate in the ISO14001 certification program, a program which requires (among other things) adoption of an environmental auditing protocol. 27 The self-reported nature of the compliance data introduces the potential for bias. Existing evidence on the accuracy of self-reported environmental compliance data is mixed. For example, deMarchi and Hamilton [34] find reporting irregularities in self-reported data from the Toxics Release Inventory but these data are not used by regulators for enforcement purposes. Analyses of self-reported compliance measures that are used for enforcement purposes have been unable to reject the accuracy of these data [35, 36] . The use of self-reported data for enforcement purposes provides strong incentives, such as criminal fines, to encourage truthful reporting. The CAA self-reported data are used for enforcement. 28 Facilities are included in our analysis provided we observe compliance or non-compliance status for all 12 quarters. Facilities with missing compliance data during this time period are excluded from our the facility is out of compliance for at least one of these 12 quarters. In focusing on the longer run impacts of auditing on compliance with the CAA, our analysis differs from Khanna and Widyawati [12] , who examine contemporaneous compliance effects.
A key concern in conducting an empirical analysis of the effect of audits on compliance behavior is the potential for endogeneity. Specifically, because violations discovered during the course of an audit are eligible for penalty mitigation (with the possibility of a complete waiver of penalties), facilities that are concerned that they are non-compliant may be more likely to implement an environmental auditing program. If so, the audit decision would be correlated with factors that affect the compliance status of the facility. However, while Khanna and Widyawati [12] could not reject the hypothesis that their audit variable was endogenous, both Evans at al. [18] and Earnhart and
Harrington [19] found no evidence that their audit measure was endogenous
Even though the endogeneity of the auditing measure may be less of a concern in this analysis given our emphasis on the longer run effects of auditing, to address the possibility for endogeneity we follow Khanna and Widyawati by estimating a simultaneous recursive bivariate probit model for the two latent binary dependent variables, Facility audit and Comply. 29 We follow both Evans et al. [18] and Khanna and
Widyawati [12] in selecting facility-and county-level variables for inclusion in the audit and compliance equations. We can broadly classify these variables as those related to the facility's characteristics, its inspection and compliance history, the stringency of the CAA analysis. We re-estimated our models including all facilities with at least 2 quarters of data in this time period and we obtain qualitatively similar results. 29 Maddala [37] derives the full information maximum likelihood estimator for this model, which we estimate in Stata. According to Wilde [38] , the model is identified with sufficient variation in the independent variables. In our previous work, we used exclusion restrictions for identification. Unfortunately we are unable to find valid exclusion restrictions for this application thus we adopt Khanna and Widyawati's identification strategy, which follows Wilde [38] .
regulations to which the facility is subject, its regulatory exposure under non-CAA environmental programs, and county-level characteristics for the county in which the facility is located. Table 3 provides variable descriptions and summary statistics. 30 We minimize our discussion of these facility-and county-level variables in order to focus on the primary variables of interest for motivating our model of the firm's standardization decision. Based on our conceptual model, we expect the incentives for standardization to vary systematically across firms. Our empirical analysis in section 4
confirms that the incentives for adopting a standardized auditing policy vary between publicly traded and privately held firms, and by the degree of heterogeneity among the facilities owned by the firm. Here, we explore the potential implications of recognizing these differences in a facility-level analysis of environmental auditing by including two relevant firm-level controls. The first variable, Multifacility, takes the value of one if the firm owns more than one CAA-regulated facility in Michigan. The second variable, Public, equals one if the firm that owns the facility (i.e., the facility's parent company) is publicly-traded and zero if it is privately held. Ten percent of facilities in our sample are owned by publicly-traded firms while about 20 percent belong to a multi-facility firm. Table 4 reports the results of our facility-level bivariate probit analysis. The results of the audit and compliance equations are given in the left-hand and right-hand panels, respectively. We report results for two specifications that differ in terms of whether or not we include the two firm-level measures. Because Model I excludes these firm-level controls, it is similar to those considered in previous analyses of environmental 30 See Section 4 for a description of the regulatory program acronyms listed in Table 1. auditing. 31 Model II is identical to Model I other than the inclusion of Public and Multifacility. 32 Model I is reported in the second and fourth columns while Model II is reported in the third and fifth columns. , p-value = 0.00). Thus, including these variables significantly improves the fit of the model. If, as we argue, these variables are related to 31 This analysis and that of Khanna and Widywati [12] examine the effects of auditing on compliance with the CAA. However, the significant differences between the dataset we use here and the dataset used by Khanna and Widyawati make replicating their specifications unfeasible. While our data are closer to the sample used by Evans et al. [18] as both samples focus on facilities in Michigan, Evans et al.'s sample includes manufacturing facilities regulated under RCRA while our sample restricts attention to CAAregulated facilities. 32 We get the qualitatively same results if we use all three firm-level heterogeneity measures in place of Multifacility. the firm's incentives for standardization, then our results suggest that such controls are important in analyses of environmental auditing.
Discussion
As external observers, researchers rely on data provided by regulated entities, through surveys or through self-reports, or by regulators to measure participation in voluntary programs and related outcomes. Often such data are only available at the firmlevel even though program adoption may happen at the facility-level. When researchers use a firm-level measure of participation, they are making an assumption, which often goes unstated, regarding the nature of decision-making within the regulated entity. In particular they are assuming that the firm has a standardized adoption policy. However, our theoretical model shows that it may not be optimal for a firm to adopt a standardized policy. We find that the level of heterogeneity among a firm's facilities is inversely related to the likelihood that a standardized policy is optimal. However, at multi-facility firms with relatively high or low benefits from adoption, a firm is more likely to adopt a standardized policy.
Because our theoretical analysis suggests that assigning the same auditing outcome for all facilities owned by the same firm (i.e., assuming standardization) is more problematic for certain firms (e.g., those whose facilities exhibit more heterogeneity), we examine the implications for the model using the adoption of a voluntary environmental audit program as a case study. Using a dataset of CAA-regulated firms in Michigan, we analyze the decision to standardize the adoption of environmental audits at the firm's regulated facilities in Michigan. We find that our measures of firm heterogeneity and proxies for the relative benefits from auditing do have statistically significant impacts on the standardization decision and that those effects are consistent with the theory.
Next we examine whether accounting for those firm-level factors that influence the standardization decision affects the results of an empirical analysis of the effect of environmental auditing on facility compliance. Using a facility-level data set on both environmental audit adoption and facility compliance with the CAA, we find that the estimated impact of auditing on compliance depends on whether or not we include controls for firm incentives to adopt a standardized auditing policy. When such controls are excluded, our empirical results suggest a positive impact of auditing on long-run compliance with the CAA. This effect disappears once these controls are added. Of course, our controls are not perfect measures of firm incentives for standardization.
However, as in our dataset, many datasets are likely to contain a handful of observable firm characteristics that may be related to this decision and can therefore be used as proxies.
While our analysis examines the issue of standardization within the context of environmental auditing, the decision to adopt an environmental auditing program shares many aspects with the decision to participate in other voluntary environmental programs.
Thus, we believe that the lessons from our analysis have relevance for empirical analyses of the impact on environmental performance of participation in other voluntary environmental programs. For example, the various empirical analyses of EPA's 33/50
program reach different conclusions regarding the effectiveness of participation in improving environmental performance. While these studies vary across a number of dimensions, one key dimension is whether participation is measured at the firm-or facility-level. Interestingly, neither of the two studies that examine the effect of facilitylevel participation on facility-level compliance [20, 21] include firm-level controls.
While three of the four studies that use a firm-level measure of adoption (and assume that participation is standardized) include the number of facilities owned by the firm into their analyses, none of them include measures of heterogeneity or the relative benefit of the program. We believe that including more firm-level controls might help to reconcile some of the mixed results in this literature.
To help policy makers effectively assess the extent to which participation in voluntary programs can substitute for more traditional compliance and enforcement mechanisms, it is important to conduct careful studies of such programs. Given the findings of our study, we recommend that future analyses of voluntary environmental program include facility-level participation measures as well as firm-level controls, when available. If facility-level measures are not available, we urge researchers to control for the factors that make a firm more likely to standardize including the heterogeneity of the facilities in the firm's portfolio. 22 For all variables except # facilities, conditional marginal effects are calculated as the response for the change of going from a value of zero to a value of one (at the means of the other variables). For # facilities, the conditional marginal effect is calculated at the means of all the variables. * indicates significance at 10% and ** indicates significance at 5%. 
APPENDIX. Description of heterogeneity measures

Industry heterogeneity
The dataset contains up to three four-digit SIC codes for each facility. Let SIC1, SIC2, SIC3 represent these variables. Three steps are required to create Industry heterogeneity.
Step 1: Sort facilities by parent company identifier, SIC1, SIC2, SIC3. Create a variable, called Industry duplicates, that equals zero if a particular sequence of SIC1, SIC2, SIC3 is unique among facilities within a parent company. Otherwise, Industry duplicates assigns a count to identify the number of times a particular sequence of SIC1, SIC2, SIC3 shows up within facilities owned by the parent company (i.e., the first facility with the sequence will have Industry duplicates equal to one, the second facility with that same sequence will have Industry duplicates equal to two, and so on). Consider a hypothetical example firm that owns five facilities with values for SIC1, SIC2, SIC3 given in the following table (--indicates a missing value): Facility ID  SIC1  SIC2  SIC3  Industry  duplicates  1  30  37  --0  2  20  ----1  3  20  24  26  0  4  20  ----2  5 20 ----3 Two sequences of SIC1, SIC2, SIC3 are unique within the facilities owned by this firm (30, 37, --; 20, 24, 26) so the facilities with these sequences (1 and 3) are assigned values of Industry duplicates equal to zero. One sequence, 20, --, --, occurs three times, first for facility 2 (so Industry duplicates=1), second for facility 4 (so Industry duplicates=2), and third for facility 5 (so Industry duplicates=3).
Step 2: Identify the maximum value of Industry duplicates among facilities owned by each parent company. Call this Max industry duplicates. Note that if a firm has Max industry duplicates equal to Num facilities (the # of facility owned by the parent company), then all facilities owned by that parent company have the same values for the sequence SIC1, SIC2, SIC3. If Max industry duplicates is equal to zero, then each facility owned by the firm has a unique sequence of SIC1, SIC2, SIC3.
Step 3: Form Industry heterogeneity for each firm using the following: Size heterogeneity This measure uses only one variable, rather than a sequence of variables as the other two measures so forming it is more straightforward. We use Employees, the number of employees at the facility, to create a categorical variable, Cat employees where We then create a variable for each facility, Employee duplicates, formed using the same method as described above, based on the values of Cat employees at the facilities owned by a given parent company. Letting Max employee duplicates represent the maximum value of Employee duplicates among facilities owned by a parent company, we form Size heterogeneity using the same technique as with the other two heterogeneity measures:
Size heterogeneity facilities Num duplicates employee Max facilities Num − =
